systems. 12, 13 In fact, these two systems may fail to comprehensively evaluate the true effect of multiligament knee injuries because they neglect activity, participation, and other limitations that patients have identified and deemed to be significant. 14 In response to these concerns, the Multiligament Quality of Life questionnaire (ML-QOL) was developed. This disease-specific quality of life assessment instrument has demonstrated excellent reliability, content validity, and construct validity.
14 By using a quality of life assessment instrument that is specific to multiligament knee injury, we aimed to determine factors that affect the quality of life and functional outcomes of patients undergoing a standardized surgical and postoperative rehabilitation protocol for knee dislocations. We hypothesized that the ML-QOL questionnaire would elucidate significant differences between patient variables that the Lysholm and IKDC scores would not elucidate.
Methods
After obtaining institutional review board approval, we retrospectively identified a total of 44 patients who underwent a standardized method of surgical reconstruction and postoperative rehabilitation for multiligament knee injuries following occult or gross knee dislocation from 2006 through 2013 at a single institution. A single surgeon (G.F.H.) performed all operations. A total of 33 knees (31 patients) were included in the final analysis and the remaining patients were excluded because of isolated knee ligament injuries, inadequate followup, or loss to follow-up. We contacted patients at a minimum of 12 months postoperatively (mean: 38 months; range, 12-111 months) and administered the previously validated ML-QOL, 2000 IKDC, and Lysholm Knee Scoring Scale.
Surgical Reconstruction
Although all patients did not require reconstruction of all major ligaments, the general details for all major ligament reconstructions are described below.
Each patient was taken to the operating room and positioned in the supine position on the operating table. After induction of general anesthesia, a fluoroscopically-assisted evaluation under anesthesia was performed to compare the injured knee to the contralateral extremity. The ultimate decision regarding which ligaments to reconstruct and/or repair was based upon both the preoperative imaging studies and the fluoroscopically-assisted findings under anesthesia in comparison to the contralateral extremity (if uninjured). As described previously by Harner et al, a lateral post and sandbag were positioned to hold the knee and hip at 90°of flexion. This particular set-up allowed the surgical team to move the knee through full range of motion and allowed for easy access for a mini or standard fluoroscopic unit.
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Prophylactic intravenous antibiotics were then administered. Prior to the start of the procedure, pedal pulses were verified via Doppler ultrasound and documented. A tourniquet was applied on the proximal thigh (ipsilateral to the injured knee). A surgical pause was performed to verify the correct patient identity, procedure, and extremity. Next, the patient was prepped and draped in the standard sterile fashion. The patient's limb was elevated and exsanguinated and the tourniquet was inflated to 300 mm Hg of pressure (tourniquet was deflated at 120 minutes in all cases regardless of progress of case).
Diagnostic arthroscopy was then performed using the standard inferolateral and inferomedial arthroscopic portals.
The sequence of ligament reconstruction was as follows: anterior cruciate ligament (ACL) femoral tunnel placement, posterior cruciate ligament (PCL) tibial tunnel preparation, PCL femoral tunnel preparation, ACL tibial tunnel preparation, an anatomic lateral collateral ligament (LCL)/posterolateral corner reconstruction as described by LaPrade, and finally, the medial collateral ligament (MCL) reconstruction.
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Please refer to ►Appendix A for the details of our ligament reconstruction techniques.
Grafts
The ACL was reconstructed using a bone-patellar tendonbone allograft affixed on the femur with 10 Â 25 mm bone blocks and a 10-mm wide tendon. Note that 7 Â 25 and 8 Â 25 mm metal interference screws were affixed on the femur and tibia, respectively.
An Achilles tendon allograft was used for the PCL reconstruction. It was affixed onto the femur with an os calcis bone block using a 7 Â 23 mm metal interference screw. A 12 Â 35 mm Arthrex BioComposite screw (Naples, FL) was used on the tibial side.
A split Achilles tendon allograft was used to reconstruct the LCL. A 9-mm bone block was used to affix it to the femur. Additionally, a 7 Â 23 mm metal interference screw and 6 Â 23 mm Arthrex BioComposite screw were used to fix the graft on the femur and fibular head, respectively.
The popliteus tendon was reconstructed using a 9-mm split Achilles tendon allograft with a 9-mm bone block and was affixed with a 8 Â 23 mm metal interference screw on the femur and with a 9 Â 35 mm Arthrex BioComposite screw on the tibia.
The MCL was reconstructed using an Achilles tendon allograft that was affixed on the femur with a 4.5-mm cannulated screw with a spiked washer and distally with two metal Arthrex staples (Naples, FL).
Postoperative Rehabilitation Protocol ►Table 1 outlines the standardized rehabilitation protocol that was adapted from previously-described rehabilitation protocols after multiligament knee injury as described by Edson et al 18, 19 Of note, however, our protocol served as a guideline for therapists and patients, not a substitute for clinical decision-making. The lead author (G.F.H.) sometimes made adjustments in a concerted effort with the therapists based upon individual physical exam findings, progress, and postoperative complications. For athletes, return to sport activity was based on provider and team input and appropriate testing. Further, we noted that a loss of 10°to 15°of terminal flexion was not abnormal after complex knee ligament reconstruction and did not result in functional limitations. Note: The standardized postoperative rehabilitation program was divided into five phases. Bracing, weight-bearing, range of motion goals, and major focus of each step is described.
Statistical Analysis
We performed independent two-sample t-tests to examine the difference in quality of life and functional measures for the following factors: age ( 40 versus > 40), sex, mechanism of injury (low versus high energy; low energy mechanisms included injuries sustained during recreational sports, fall from height of < 10 feet, and physical altercations; high-energy injuries included fall from height of > 10 feet, 3 motor vehicle collisions, motorcycle collisions, and automobile versus pedestrian injuries), time to surgery (< 3 weeks versus 3 weeks), 3 vascular injury, nerve injury, concomitant fracture, other injuries, Schenck classification for knee dislocation (Class I and II versus III and IV), manipulation, previous knee ligament surgery (patients from outside hospitals that presented with previous failed single-or multi-ligament knee reconstruction), and subsequent revision (patients requiring revision of index surgery that was performed by the lead author and patients with two-staged procedures who later required reconstruction during Stage II because of failure of repair performed in Stage I).
We then performed age-adjusted multivariable linear regression analysis, including factors that we found to be statistically significant in univariate analysis. A p-value of 0.05 was used for statistical significance and all analysis was performed using Stata (College Station, TX).
Results

Patient Demographics and Characteristics
Patient demographics and characteristics are presented in ►Table 2.
Of note, patients that underwent "previous knee ligament surgery" included those from outside facilities with previous failed single-or multi-ligament knee surgeries. Previous surgeries included incomplete reconstructions for multiligament knee injuries and/or a distant history of isolated ACL injuries/reconstruction.
For patients that were deemed to have had a "revision," we analyzed patients requiring revision from index surgery that was performed by the lead author and also patients with two-staged procedures who later required reconstruction during Stage II because of failure of repair performed in Stage I.
Univariate Analysis
For ML-QOL scores, we found that patients who underwent previous knee ligament surgery had significantly worse mean scores relative to patients who did not undergo previous knee ligament surgery (114.2 versus 80.4; p ¼ 0.0042) (higher score indicates worse quality of life). All other differences in ML-QOL scores were not statistically significant.
Of note, patients with a history of previous knee ligament surgery had significantly worse means scores for three of the four ML-QOL subscales as well (physical, emotional, and activity subscales; differences in social subscale scores were not significant). ►Table 3 shows all other variables that were found to be significant during univariate analysis in terms of the physical, emotional, activity, and social subscales.
After stratifying cases by history of previous knee ligament surgery versus no history of previous knee ligament 
Multivariate Analysis
Among patients with no history of previous knee ligament surgery, timing to surgery (p ¼ 0.009) and Schenck classification (p ¼ 0.009) remained statistically significant variables in our multivariate analysis, which adjusted for age, sex, followup time, timing to surgery, and Schenck classification.
Discussion
To our knowledge, our study is the first to investigate the quality of life of patients undergoing multiligament knee reconstruction after knee dislocation by using the ML-QOL instrument designed by Chahal et al.
14 By using this diseasespecific questionnaire, we aimed to elucidate factors that affect the quality of life of patients who pursued operative management of knee dislocations. Traditionally, the IKDC and Lysholm soring systems have been the most commonly used instruments for assessing outcomes of multiligament knee injuries. However, neither of these two instruments was developed specifically to assess patients with multiligament knee injuries. In fact, Mariani et al found discrepancies between the IKDC and Lysholm functional scores when evaluating outcomes of patient who underwent operative fixation of multiligament knee injuries. 13 We posit that the strength of our unique study lies in the use of the ML-QOL questionnaire, which is a validated assessment instrument that comprehensively assesses multiple facets of quality of life through the incorporation of physical, emotional, activity, and social subscales. Using the ML-QOL questionnaire, we found that patients with a previous history of knee ligament surgery had a significantly worse quality of life relative to those with no history of knee ligament surgery. Of note, patients with a previous history of knee ligament surgery had worse ML-QOL total, physical subscale, emotional subscale, and activity subscale scores. However, there was no significant difference in social subscale scores on the basis of a history of previous knee ligament surgery. We believe that these results provide a framework for guiding patients' expectations regarding specific aspects of their quality of life after multiligament knee reconstruction. Further, these results offer valuable information to orthopaedic surgeons that perform multiligament knee reconstructions that can be used to tailor goals and milestones in the postoperative rehabilitation period.
For patients who did not undergo previous knee ligament knee surgery, we found that patients undergoing surgery acutely and those with higher Schenck classification had a worse quality of life. There exist several studies that report the benefits of undergoing surgery acutely (within 3 weeks) for patients with multiligament knee injuries. 5, 16, [20] [21] [22] The reported benefits include: improved Lysholm functional outcome scores 16, 23, 24 and greater knee stability on physical examination. 16, 23 Of note, however, the management of concomitant injuries and the extent of soft-tissue damage may have confounded the decision to pursue chronic rather than acute surgical management in these studies. In contrast, we found that acute surgical management remained a statistically significant factor for poorer quality of life even after adjusting for several other variables in our multivariate analysis. This difference in results is likely due to the fact that functional outcomes represent only a part of the ML-QOL questionnaire. Furthermore, we acknowledge that there were relatively few patients (7 of 31 cases) that underwent acute surgical intervention in our study and there is a possibility that patients with less severe, avulsion-type injuries may have been more likely to undergo chronic surgical intervention because of factors related to our institution's scheduling and referral practices, which were not investigated in this study. Although quality of life issues of patients undergoing multiligamentous knee reconstruction have not been studied extensively, other studies have elucidated factors that have a favorable effect on functional outcomes in this patient population including: early timing to surgery (within 3 weeks) 5, 16, [20] [21] [22] and ligament reconstruction rather than repair 13, 25, 26 We, however, found no differences in Lysholm or IKDC scores in terms of the studied variables (note: we did not compare reconstruction versus repair). The one exception was that we found significantly worse IKDC scores in patients that underwent two-stage reconstruction relative to those that underwent one-stage reconstruction. The discrepancy between the present results and those reported in the literature regarding multiligament knee reconstruction may be accounted for by the variability in patient demographics and characteristics among the studies. Moreover, we posit that the contrast in results lends credence to concerns regarding the use of assessment tools that are not specific to multiligament knee injuries. The use of a specific, appropriate assessment tool is of paramount importance, especially given the data generated using these tools may affect orthopaedic practices. We maintain that the use of ML-QOL instrument, in addition to functional outcome scores such as IKDC and Lysholm, offers a more comprehensive evaluation of the multiligament knee injured patient.
Limitations
We acknowledge that there were limitations to this study. The retrospective nature of this study limits the level of evidence and may have invited bias. Further, no pre hoc power analysis was performed to determine the number of cases required to detect significant differences in the measured quality of life and functional outcomes scores. However, multiligament knee injury is rare and the number of cases included in this study is on par or exceeds the number of cases in previously published studies on this topic. Finally, we acknowledge that while the ML-QOL subscale scores have been validated as a means of evaluating patients with multiligament knee injuries, the total sum score has not been statistically validated. Nevertheless, we found a difference in total sum score that was significantly different between patients who did and did not have a history of prior knee ligament surgery. This may provide valuable information regarding the overall quality of life of multiligament knee injury patients given that a history of previous knee ligament surgery was a statistically significant variable for three of the four subscales.
Conclusion
To our knowledge, our study is the first to use a validated quality of life assessment instrument that is specific to multiligament knee injuries. We found that patients with a previous history of knee ligament surgery had a significantly worse quality of life relative to those with no history of knee ligament surgery.
Ethical Approval
The Institutional Review Board approval was granted by University of Southern California (#HS-13-00580).
An accessory posteromedial portal and 7 mm cannula placed. While viewing through the posterior portal, the native PCL insertion was carefully elevated and examined using a curved curette that was placed through the anteromedial portal. While using a custom 15-mm Arthrex guide (Naples, FL) (positioned through the anteromedial portal and 15 mm below the tibial plateau) and viewing through the posterolateral portal, the correct position of the PCL in the coronal plane and the anatomic footprint of the PCL at the midline, posterior aspect of the tibia were verified. Intraoperative C-arm fluoroscopy was then used to confirm the placement of a guide pin in the sagittal plane (in line with the proximal tibiofibular joint and approximately 15 mm below the tibial surface posteriorly). Next, a Beath pin was then drilled under both fluoroscopic guidance and direct arthroscopic visualization. The tibia was then carefully drilled to, without breaching, the posterior cortex. The tunnel was then cannulated with a 1-mm reamer (to, but not breaching, the posterior cortex). A guide pin was then placed and the posterior cortex was reamed by hand. Finally, a rasp was used to chamfer the posterior cortex.
Femoral Tunnel Preparation for PCL
While viewing through the anteromedial portal and instrumenting through the anterolateral portal, a guide pin was placed at approximately the 1 o'clock position of the articular surface of the femur. At the anterolateral footprint of the native PCL, a pin was then drilled out of the distal lateral thigh. We then reamed in an inside-out fashion and breached the distal lateral cortex of the femur. A small incision was then made over the guide pin and subsequently taken down through the skin and subcutaneous tissues, splitting the vastus medialis obliquely. The underlying tunnel was identified. Next, a Gore-Tex smoother (Flagstaff, AZ) was passed through the tibial tunnel (via the anteromedial portal). The tibial tunnel was subsequently chamfered. An arthroscopic grasper was then placed through the femoral tunnel and used to pull the Gore-Tex smoother in an extra-articular direction. The Gore-Tex smoother was then placed through the tibial tunnel (intra-articular) and both tunnels were carefully chamfered. The Achilles tendon allograft was sterilely prepared on a back table. The graft was tensioned with 20 pounds of longitudinal traction. The soft-tissue end was whipstiched using a Krackow stitch. Stitches were also placed in the bone block and os calcis junction. The Gore-Tex smoother was then used to pass the graft. The soft-tissue end of the PCL graft was passed in an antegrade, outside-in fashion into the femoral tunnel. The soft-tissue portion of the graft was then shuttled into the tibial tunnel intra-articularly. After positioning the os calcis bone block in the femoral tunnel, it was fixed using a 9 Â 23 mm metal interference screw in an inside-out, intra-articular fashion at the orifice. This ensured firm aperture fixation at the femoral tunnel orifice.
ACL Tibial Tunnel
With the PCL graft in place intra-articularly (but not fixed in the tibial tunnel), we then used our PCL reconstruction as a reference for the ACL tibial tunnel. Using the anteromedial portal, a tibial guide set at 60°was placed approximately 2.5 cm proximal to the PCL tibial tunnel orifice at the medial tibial metaphysis. Next, an ACL guide pin was drilled at the anatomic center of the ACL insertion site, roughly 7 mm in front of the PCL graft and in line with the posterior margin of the anterior horn of the lateral meniscus. The tibial tunnel was reamed using a 10.5-mm reamer and then chamfered at the posterior aspect of the tunnel. An arthroscopic grasper was then placed up the tibial tunnel and into the femoral tunnel using a grasping stitch.
A bone-patellar tendon-bone allograft with a 10 Â 25 mm bone block was then prepared on a back table. It was placed into the tibial tunnel and up into the femoral tunnel in a retrograde fashion with the knee in a flexed position. Through the accessory medial portal, a 7 Â 25 metal interference screw was used to firmly affix the bone block, which was seated at the femoral tunnel.
Anatomic LCL/Posterolateral Corner Reconstruction
The anatomic reconstruction of the LCL and posterolateral corner were performed as described by LaPrade. 17 An incision was centered over the iliotibial band and ran from the lateral femoral epicondyle to a point midway between the fibular head and Gerdy's tubercle. The incision was subsequently taken down through the skin and subcutaneous tissue using sharp dissection. The fibular neck was identified first and the underlying peroneal nerve was carefully identified and dissected using tenotomy scissors and DeBakey forceps. The dissection started at the fibular head and continued proximally so as to allow the peroneal nerve to fall away distally from the junction of the fibular head and neck. While taking special care to protect the anterolateral aspect of the fibular head, the soft tissue overlying the anterolateral and posteromedial aspects of the fibular head were elevated. Next, the Arthrex LaPrade guide system (Naples, FL) was used while drilling at approximately a 45°angle from anterolateral to posteromedial. Prior to October 2012, this technique was performed free-handed, as the guide system became available during the study period. A 7-mm reamer was then used to ream and a passing suture was placed. All posterior structures were protected. The soft-tissue overlying Gerdy's tubercle and the area just medial to the proximal tibiofibular joint were then elevated. While protecting the posterior neurovascular
